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Abstract--We present a global simulation model applied to the HBDT and a non-linear compartmental 
model which yield evidence on the negative feedback of the histamine on the degranulation of human 
basophils in the presence of an antigen dilution and a dilution of some homeopathetic preparation. The 
compartmental system's control problem was set and led us to the computation of the optimal 
homeopathetic dilution. 
INTRODUCTION 
Among hypersensibility reactions, immediate hypersensitivity (or anaphylaxis) has a special place 
due to its frequency and clinical manifestations. 
Immediate hypersensitivity is defined by: the synthesis of antibodies of the IgE class, 
homocytotropic and thermolabile; the fixation of these antibodies on numerous cellular 
types, in particular human blood basophils; and the liberation of mediators from these cells 
during an ulterior contact with the sensibilizing antigen. This reaction is modulated by numer- 
ous exogenous and endogenous factors, such as the presence of histamine. The pharma- 
cological exploitation of immediate hypersensitivity lies principally in the study of the reaction 
(degranulation) of basophils (or mastocytes). The degranulation reaction can be reproduced in
vitro and evaluated by measuring the quantity of liberated mediators (principally the histamine) 
[1--4]. 
Many authors [5-1 l] presented ifferent models of the phenomenon. We tried to concentrate 
our efforts on the mathematical modelling of the non-linearities of the phenomenon that takes 
place. 
THE HUMAN BASOPHIL DEGRANULATION TEST (HBDT) 
Our data (yj(Dt)%) were obtained by the method escribed by Shelley and Juhlin [12] and later 
by Benveniste[13]. The HBDT method concerns, in fact, the number (N~) of non-reacted 
(non-degranulated) basophils and the number (No) of basophils in a control [14]. We are modelling 
the effect of n different homeopathetic dilutions of a preparation called histaminum, prepared 
according to the French Pharmacopea, on a series of m antigen dilutions (aUergy-causing polens, 
house dust, drugs etc.) for the same pre-incubation period (1/2 h at 22°C). We note that histamine 
possesses a negative feedback on the degranulation [15]. In our data the histaminum dilutions vary 
from 3 to 10 CH (equivalent to theoretical concentrations of 10-6-10 -2o tool) and the antigen 
dilutions vary from l0  -4 to 9.5 x 10-~°mg/ml. 
yj(D,)% = (N O - N,) • 100/N0, i = 1 . . . . .  n, (1) 
j=  1 , . . . ,m.  
yj(D~)% is called the percentage of degranulation (for the ith dilution of antigen and the jth 
homeopathetic dilution). 
tTo whom all correspondence should be addressed. 
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THE SIMULATION MODEL 
We have approximated the data for a series of i antigen dilutions (D~) and a given fixed 
homeopathetic dilution of histaminum (I) by the equation 
y(D~)% = ao + a~ • log(D~), i = 1 . . . . .  n. (2) 
We have then considered a 0 and at as functions of the different homeopathetic dilutions 
(/j), j = 1 . . . . .  m. We used the following expressions: 
5 5 
a0= E fl* Ik and a i=Ey ,  I~. (3) 
kffi0 190 
Combining relations (2) and (3) we arrived at a global model: 
5 5 
y(z ) , ,  = y / ki + log(Z),), = 1 . . . . .  . ,  
k=0 1=0 
j = 1 . . . . .  m. (4) 
This kind of relation is classical in pharmacology. The global model (4) connects the inhibition 
of the basophil degranulation to a series of histaminum dilutions (Table 1). 
THE COMPARTMENTAL MODEL 
Our aim was to simulate the negative feedback of the histamine on the degranulation. A classical 
approach was tried. It is based on the compartmental analysis and consists of relating our variables 
by a three-compartment non-linear model, as shown in Fig. 1 [8, 16-18]. A linear model previously 
identified was not adapted to our data, the existence of the negative feedback was not simulated 
as successfully as the liberation of histamine and the degranulation [5]. 
The compartments represent: 1--the percentage of non-degranulated (non-reacted) basophils, 
xt; 2--the percentage of cytoplasmic histamine, x2; and 3--the percentage of free histamine, x3. 
Our experimental data were the percentage of non-degranulated basophils x~ and the percentage 
of the total amount of histamine x2 + x3 (free and cytoplasmic). 
The free histamine in compartment 3, acts on the degranulation via the following relation: 
k(x3)  = v / (k l  + x3) ,  (5 )  
where v/kt is the maximum velocity of the degranulation, kt is a factor that describes the influence 
of x3 on k(x3), which we call the coefficient of degranulation, and k~(x2) describes a non-linear 
elimination of the Michaelis-Menten type [19]: 
This particular form of k® (x2) was proposed in order to ensure the saturation of the phenomenon 
after a period of tt = 10 min. Blocking the negative feedback (k3 = 0) means that there will be no 
action of the free histamine on the degranulation. 
Table I ~ Experimental nd values of the percentage of degranulation [by the global model (4)] 
3CH 4CH 5CH 6CH 7CH 8CH 9CH 10CH 
Exp. Calc. Exp. Calc. Exp. Calc. Exp. Calc. Exp. Calc. Exp, Calc. Exp. Calc. Exp. Calc. 
Di 21 21.5347 22 19.979 28 27.826 34 36.105 43 41.8699 39 37.3715 
D 2 26 26.6773 20 23.588 30 30.14 39 36.88 38 41.778 38 38.0774 
D 3 34 31.8199 29 27.2O4 32 32.455 39 37.656 40 41.687 39 38.783 
/)4 37 36.962 29 30.819 35 34.7697 43 38.432 42 41.495 41 39.4893 
Ds 41 42.105 37 34.434 34 37.084 39 39.308 39 41.504 
Average percentageerror (APE%) 
2.87 9.311 2.448 5.245 4.8346 2.1548 
29 29.2354 28 22,7139 
31 32.3704 22 26.9327 
35 35.5053 29 31.1515 
41 38.6403 34 35.3703 
40 41,77529 43 39.5892 
3.3374 12.1364 
Values of//is and 7as (i = 0 , . . . ,  5): 
~o = 332,9797 Yo = 83.293 
~l = -342.3404 71 = --71.9126 
~2 = 171.6597 Y2 = 25.422 
~3 = -38.4336 ~3 =--4.4087 
f14 = 3.7896 ~4 = 0.3678 
f15 = -0.1346 ~s= -0.01173. 
Human basophil receptivity 75 
® I 
I 
k(x 3) 
k2 
_1 -[ 
"I 
® I i ~ ke(x 2) 
® 
Fig. I. The non-linear compartmental model. 
The differential system is the following: 
dxj /dt  = - [v / (k ,  + X3)]X , "Jr-k2x2, 
dx2/dt = [u/(k, + x3)]x , - [k~om/(l + x 2) + [(2 + k3]x2 + k4x3, 
dx3/dt = k3x2 - k4x3, 
with initial conditions 
X,(0) = X0, X2(0 ) = X3(0 ) = 0. 
Thus, the identification problem (the computation ofk~, k2, k3, k4, k5 = k®m and k6 = v) is based 
on the data x~(6) (i = 1 , . . . ,  n) and x2(t;)+ x3(t;) (i = 1 , . . . ,  m). We used the method described 
by Cherruault [17]. We identified the factors k~, (m = 1 . . . . .  6), by minimizing the following 
functional: 
J(k, . . . . .  k6) = ~ (x-~ - Xl ( t j ) )  2 Jr- ~.~ (xJ2 Jr- x-~ - x2( t j )  - x3(t j ) )  2. 
j - - I  j - - |  
The non-linearities of the functional lead us to use a direct method, the Vignes method [20], 
which is based on the local variations method[17]. We have then established the following 
algorithm: 
New values 
of kj by Vi(}nes 
kj (n)~-kj (n+~) 
kj (o) i j= I , . . . ,6  [ 
NumericoL solution of 
_ the compartmental system 
J ~dx =Ax 
I dx 
1 
Computation of 
, . . . , ks  ) 
Yes 
Iteration (0) 
Iteration (n) 
Scheme I 
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Table 2. Experimental nd calculated values for the non-linear compartmental model 
Time, t/(mln) I 2 3 4 5 6 7 8 9 10 
x~ 97 93 80 66 69 69 63 60 55 56 
x~(t/) 93.35 87.30 81.87 77.04 72.77 69.02 65.72 62.82 60.26 58 
x~ ffi percentage of non-degranulated buophils--experimental values; x~(tj) ffi percentage of non-degranu- 
lated basophils--calculated values. 
Table 3, Experimental nd calculated values for the non-linear 
compartmental model 
Time, t/(min) 2 4 8 16 32 
x{ + x~ 8 12 23 43 56 
x2(/l) + x3(tA) 10.91 20.50 33.90 47.02 54.57 
x{ + x{ = percentap of histamine--experimemal values; 
X 2 ( I j ) "6 X 3 ( t j ) = percentage of histamine--calculated values. 
RESULTS AND DISCUSSION 
Contrary to the linear compartmental model [5], the non-linear one successfully approximated 
the experimental data. We obtained a 4% error on the degranulation and a 7% error on the 
histamine (Tables 2 and 3). The main advantage was the yielding of evidence of the negative 
feedback of the histamine on the degranulation. We solved the compartmental system by the 
Runge-Kutta method [21] (once the kjS were identified) and we observed that x~ and x2 + x3 were 
stabilized after 25 min. After blocking the action of the negative feedback (k 3 = 0), the percentage 
of non-degranulation was reduced to 20%, in contrast to the total amount of histamine which 
increased up to 75% (Fig. 2). 
OPTIMAL CONTROL 
We have established a global model (4), which connects the homeopathetic dilutions (/~) and the 
antigen doses (D3 to the percentage of degranulation (y%). We wish to compute the optimal 
dilution I* which minimizes the function y~(D~,I)% (Yt = 100-xi) and therefore maximizes 
x~ (t,, I*), where t, = 15 min is the incubation period. The resolution of the differential compartmen- 
tal system with x~ (0) = x~ (t,, I*) and x2(0) = x3(0) = 0 as initial conditions produces the optimal 
solutions x~ (i = l, 2, 3). 
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Fig. 2. Percentage of degranulation before (3) and after (1) blocking the negative feedback of histamine. 
Percentage of histamine (free + cytoplasmic) before (4) and after (2) blocking the negative feedback of 
histamine; time: 0 to 32 rain. 
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We used the dichotomy method to minimize y~ (Dj,/) [22]. We note that for a series of antigenic 
dilutions the value of I* was always in the neighbourhood of 7CH and that the optimal percentage 
of degranulation was of the order of 2%. 
These results were confirmed by the in vitro HBDT [5]. 
The optimization of the compartmental model allows us to describe and evaluate the kinetics 
of the degranulation and the histamine liberation as a function of time. Thus, we can simulate the 
experiments in the presence of a homeopathetic dilution of a preparation such as histaminum. 
REFERENCES 
1. J. F. Bach, Immunologic. Flammarion Mb:lecine Sciences, Paris (1983). 
2. C. Delisi and A. K. Tharieur, Antigen binding receptors on immunocompetant cells. Cell. Immun. 28, (1977). 
3. M. Dembo, B. Goldstein, A. K. Soborka and L. Lichetenstein, Histamine release due to bivalent penicilloyl hapten; 
control by number of cross-linked IgE antibodies on basophil plasma membrane. Y. Immun. 121, (1978). 
4. J. Hebert, R. Veaudoin, M. Aubin and M. Fontaine, The regulatory effect of histamine on the immune response, 
characterisation f the cells involved. Cell. lmmun..M, 49-75 (1980). 
5. S. Guellal, Mod~lisation math6matique d la degranulation des basophiles. Th6se du 3e Cycle, Univ. Paris (1987). 
6. S. Guellal and C. Papapanayotou, Mathematical modelling in homeopathy. In Proc. ICIAM 87 Congr., Paris (1987). 
7. G. L. Marchuk and I. N. Belykh, Mathematical Modelling in Immunology and Medicine. North-Holland, Amsterdam 
(1983). 
8. R. R. Mohier and C. S. Hsu, Systems compartmentation in immunological modelling. Lecture Notes in Biomathematics. 
Springer, New York (1979). 
9. C. Papapanayotou, S. Guellal, Y. Cherruault, Ph. Bcllon and J. Sainte-Laudy, Mathematical nalysis and modelling 
in homeopathy. In Proc. 7th Int, Congr. Cybernetics and Systems, Vol. 1, pp. 361-365 (1987). 
10. J. Sainte-Laudy, Y. Cherruault and C. Papapanayotou, Analyse math~matique et mod~lisation d'un test de 
d~granulation (T.D.B.H.). Bio-Scicnce 5, 210-214 (1986). 
11. L. A. Scgel, Mathematical Models in Molecular and Cellular Biology. Cambridge Univ. Press, Cambs. (1980). 
12. W. B. Shelley and L. Juhfin, A new test for detecting anaphylastic sensitivity. The basophil reaction. Nature 191, 
1056--1058 (1961). 
13. J. Benveniste, Human basophil degranulation as an in vitro test for the diagnosis of allergy. Clin. Allergy 11, 1-11 (1981). 
14. J. F. Petiot, J. Sainte-Laudy and J. Benveniste, Interpretation du r6sultat d'un test de d~granulation des basophiles 
humains. Annls Biol. din. 39, 355-359 (1981). 
15. P. W. Askenase, A. Schwartz, J. N. Siegel and R. K. Gershon, Role of histamine in the regulation of cell-mediated 
immunity. Int. Archs Allergy appi. Immun. 66, 225-233 (1981). 
16. D. H. Anderson, Compartmental modelling and tracer kinetics. In Lecture Notes in Biomathematics, Vol. 50. Springer, 
New York (1983). 
17. Y. Cherruault, Mathematical Modelling in Biomedicine--Optimal Control of Biomedical Systems. Reidel, New York 
(1986). 
18. J. A. Jacquez, Compartmental Analysis in Biology and Medicine. Elsevier, New York (1972). 
19. J. Wagner, Fundamentals of Clinical Pharmacokinetics. Drug Intelligence Publisher (1975). 
20. J. Vignes, Etude et raise en oeuvre d'algofithmes derecherche d'une fonction de plusieurs variables. Th6se de Doctorat 
d'Etat, Facult~ des Sciences de Pards (1969). 
21. M. Crouzeix and A. L. Mignot, Analyse Num~rique d s Equations Diff~rentielles. Masson, Paris (1984). 
22. J. Stoer and R. Bulirsh, Introduction toNumerical Analysis. Springer, New York (1980). 
